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MODELING OF ‘SEISMIC PHENOMENA

Prof Yu. V. Riznichenko

- . The purpose of a large pert of investigations on the modeling of selsalc
phenomena 1s to work out, with the ald of models,” the problems posed by the
dynamics of sefsmic waves, wnich one necessarily eacounters in "gross"
selimology, during a study of watural earthquakes, and alsc in experimental
selsmology and seismic prospecting, in which elastic waves are excited in the
earth by means of explosions or other artificial sources of oscillation.

In seilsmics (ﬁemmology, seismic prospecting), the Interpretation of obser-
vations, until raceatly, was based mainly on the deteralnations of the travel
time of various elastic waves from & source of mechanical oscillations «-

o namely, earthquake focus, explozion, or other source of shock -- to seismic re-
N ceivers connected to devices that record the ground's vibrations at reception ‘*
° points. Here, from the records of selsmic oscillations (uame;y, s@18mO-"
grams), we employed only those points corresponding to the mements of arrival
of individual waves -- namely, longitudinal, transverse, and surface waves
traversing the intermediate medium along various patks from source to receiver.
An analysis of the pasgage time of the various waves o seismographs disposed
at various distances and in various directions from the scurce rermits one to
decide on the structure of the medium through which these waves pagsed and to
determine the velocity with vhich they wers propagated in the various regions
of the medium and further, to £ind ip the earth, those surfaces from which the
waves were reflected or by which they were refracted. Obviously, such surfaces
¢orrespond tc boundaries of separation beatween subterrancan layers; or between
portions of the medium vhich are characerized by various physicel properties,

In the mein, it is Just this data -- vamely, the time of arrival of elastic
waves -- that serves in present-day seismics as the basis for conclusions con-
cerning the earth's structure at very diverse depths: from several meters up

- to even several teuns of kilometers.during excitation of waves by artificial .
2 meang end from tens and hundreds of kXilometers up to the complete "transparency” ; !
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of the entire terrestrial globe during utilization of waves excited

by maturel earthjuakes. One can demand from seismics » however, more than the
determination of just the velocities of propagation of waves and the geometrical
distribution of beoundaries of separation of layers in the earth. To obtain

this deta, one utilizes merely the kinematics of the phenomenon, sioce only

the arrival time of waves is noted on the seismograms. If, however, one utilizes
alsc the dynamic peculiarities of the waves -- namely, their predominant ampli-
tudes and periuds =-- and traces on the seismograms the varlations in form of
selsmic oscillations, then this affords materisl for obtaining more complete
information cn the physical properties of the various parts of the medium; for
example, on the differences in absorbling capacity of the parts of the medium in
relation to elastic energy, which relation is comnected with nonideal elasticity,
.etc. Such information would extend considerably the boundaries of the region
under study and the reliability of physical and geological co_hc).us fons based

on seismic observatiouns.

Attempts to supplement the kinematic methods of enalysis of seismic data
by dynamic comsiderations were made quite early. Thus, in seiswology, on the
basis of more or less relative intemsi ty of surface vaves in comparison with
.waves of other types, we have sometimes succeeded i1 Jjudging the depth ol foci
of remote earthquakes according to nerely one form or shape of seismograms.
. This 1s important, particularly for clarifying the causes governing the occurrence
" of earthquakes and for finding methods for forezasting +hem.

-Qualitative methods for calculating the dynamic peculiarities of seismic
oscilllations are employed also in seismic prospecting; for example, for es-
tablishing the respomse of waves recorded on selsmograns to definite geologic
boundaries. In recent years, methods involving also quantitative use of dynamic
peculiarities of waves lhiave been developed in seismic prospecting.

However, the successful future development of these methods is blocked by
the absence of sufficiently developed procedurss for solving qualitatively,
in a complete and operative manner, not only sc-called inverse or iadirect
oroblems of gecyhysics in the field concerned with the dynamics of seismic waves
that 15, given a dyanamic wave pricture, one is.required to determine the structure
of the medium), but also extremely more simplz (in principle) and direct problenms,
knovn beforehand to be u.ique, in tris field (that is , Blven the structure of
the medium and familiarity with the sourre of oscillations, one is required to
determine the wave picture). A collectlion of soluticns of a number of elementary
direct problems would permit ome to obtain, under definite limiting conditions,
numerical solutions of corr.sponding laverse (indirect) problems.

"One of the simplest direct dynamic problems of seismics -- nanely, for a
homogeneous elastic (solid) half space with source on a plane-free boundary --
was solved by Acadermician S. L. Sobolev as early as 1932. Since that time,
Soviet mathematiciuns have obtained solutions for a rumber of more complicated
problems of this type for nonhomogeneous media, but these solutions ordinarily
are represented only in general form and often are extremely remote from the
possibility of obtaining numerical results and constructing thecretical saismo-
grams. Meanvhile, these results and selsmograms would have been practicable
for direct comparison with experimental data -- namely, with fleld seismograms
obtained in seismology and seismic prospecting.

Further theoretical works in this direction are being conducted particularly
in the mathematical section of the Geophysics Institute, Academy of Sciences USSR,
by Professor N. V. Zvolinskiy and ‘by L. B. Zaytsev. These works show that the
obialning of the complete quantitative (numericael, or represented in the form of
graphs) solutions of dynamic problems in seismics is a difficult matie=~ requiring
in each individual case much time and tremendous computations, which for the most .
part are far from elementary.
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Such being the position in the field concerned with the sclution of
dynamic problems of selsmics, beside the further, more intensive development of

The experimental solution of such problems under field conditions encounters
many difficulties. Chisf of these is that even in places with a comparatively
well-gtudied geological structure {for example, in regions with a large number of
deep-drilled vells), the physical properties of minerals 1n the part under ine
vestigation ordinarily will be shown lnsufficiently fully; and the very structure
of & natural medium turns out to be too complex for solving this concrete problem,
But this difficulty 1is completely eliminated under laboratory conditions for
experiments on specially constructed models of nonhcmogeneous media,

A1l these considerations have resulted in the establishing of work on the
modeling of seismic phencmena at the Geophysics Institute, Academy of Sciences
USSR. These cousiderations have determined the direction of the work, ’

In the medeling of seismic vaves, vork of a similar trend has npever been
conducted systematically previously, ‘Therefore » 8t firgt 1t was necessary to
find and develop the most rational methods of modeling 1n seismics; afterward >
to. investigate on models concrete problems concerning the propagation of elastic
waves, which are of interest for seismology and seismic prospecting.

Durihg the solution of the first problem, naturally, it was necessary to
proceed from experience with Blmilar work in allied fields of physics and en-
gineering,

Originelly, our investigations were directed along the path of a search
for network systems. Mechanical arrangements for demonstrating and studying
waves, which are based on the principle of an elastic network with inertial
elements at the nodes, vere first utilized inm physical laboratories to demonstrate
varicus wave phenomens from the field of optics and radio engineering, These

physics Institute y Academy of Sciences USSR, the author and his young scientific
asgociate, B, N, Ivakin, had investigated theoretically, coustructed, and experi-
mented with mechanical one-dimensional and two-dimensional netvork models,

for example, to divide the new work into tvo "layers" with boundaries of
separation of arbitrary form. Elastie vaves in the network are excited by &
special striker acting on a certain load, ‘fhe motion of any other load can be
described by means of = scheme consisting of a photoelement, amplifier y and

oscillograph,

In theoretical works connected with the modeling of waves on netvork models,
we investigated problems concerning the frequency properties of discrete (dis-
continuous) networksystems regarded as meds :, with a "structural” nonhomo~
geneity of a fine scale, in contrust with those patural medis which cam be con-
sidered as continuous ana uniform. We compared the Pprocesses governing the
propagation, reflection, and refraction of elastic wvaves in discrete media and
. in the corresponding continuous (uniform) media. We studied eclastic anisotropy
e of two-dimensional netvork of a definite type. Computations were accompanied
. by experimenis on models.
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We are experimentally studying a number of peculiarities in the propagation
of impulses in network models: homogeneous and nonhomogeneous , ove dimensional
and tvo dimensional. In particular, on a two-layer, two-dimensional model, we
verified observations of the main (leading) refracted elastic waves analogous
to the leading sound waves caused by a shell moving with supersonic speed. The
leading refracted elastic vaves suggest waves on water diverging from the bow
of a rapidly sailing boat. In optics, this correaponds to the familiar Cherenkov
radiation, vhose physical explanation vas glven by Acadewmician S. I. Vavilov.

The present-day method of seismic prospecting by refractea waves is baged on
the recording of iuch elastic waves.

We are also considering certain phenomena in natural media vhich are con-
. nected with their heterogemeity, "structural" nonhomogeneity similar to the
3 nonhomogeneity of network models. Examples of such natural media are the par-
tlal interstratification of limestonss and clays, or clays and sands, sand in
the upper layers of the ground where the interstices among the sandstones are
filled with air, etc. Special attention has been paid to the conditioms under
which the velocity of propagation of waves in a structural -nonhomogeneous
mediun turns out, on the whole, to be "supersmall" -- namely, less than the
velocity in each of the components of this medium, An example of a natural
medium of such a kind is the "zome of disintegration" ("zone of small velo-
V. cities") which one must ordinarily encounter in seismic prospecting. A net~
work model is an exumple of such an artificisl medium: namely, the velocity of
propagation in it of longitudinel elastic vaves, also in :ssence “supersmall,"
is less than the velocity in Tubber, of which the elastic s8trings are composed,
and less then the velocity in metal, of which the loads are made.

Although we succeeded » during operations with ne*work models » in examining
certain problem:. of kmown interest to seismics, in 8ll, 1t turned out that
arrangements of such a kind possess in practice very limited possibilities
for invertigations in the main direction -- namely, for the detailed quantita-
tive study of wave phecomena in nonhomogeneous conitinuous media. |

As 1t turned out, to attain & close correspondence between the phenomena
on the model and 1n nature, it would have been necessary to employ networks with
& far larger number of elemenss than that used in our setup (several hundred).
g The insufficient thickress {density) of the network causes the small resolving
capacity of the model; in this connectior, during modeling,we obtained only
s N & rough similarity to pictures of phenomena observed in nature. The increasas
vhich is needed in the number of elements for two-dimensional models, of in- '
terest to us now, and more so, three-dimensional models, 1s difficult to effect
in practice. Obviously, this concerss not only mechanical networks but slso
both network systems of other kinds -- for example, L. I. Guteamakher's type
of electrical integrators -- and mathematical approximate -'ifference methods : !
(con-esponding to diverse systems of petworks) for numerically solving
differential equations of mathematical physics applicab’e to problems of the
character under consideration. Nrtwork eystems and difference (finite-difference) i
methods of computation are convenient for describing chie”ly stationary
regimes (states) in thermodymamics, hydrodynamics, etc, vhere sufficlently {
- smooth plctures of phenomena, which are devoid of a large number of fige de-
tails, are obtained. In seismics, however, these methods turm out to be too
rough or too cumbersomz in describing the rich details of the noastationary
dynamic pictures of elastic phenomena in three-dimensional rorkomogeneous
continuous media.

In this comnection, the works of the laboratory have been directed since
1947 along another path -- namely, along the path of modeling elastic waves
in continuous medie. For media, we had selected such practically continuous
(for given scales) substances as metals, cement, glass, plastics, paraffin,
flulds, certain natural minerals, etc.
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The difference between model and nature consisted only in the linear dimen-
. sions: namely, the dimensionms of the models for problems of seismic prospecting
- were of the order of 1/1 ;000 of the dimensions 1- nature; and for problems of
selsmology, they were still smaller. Since the velocity of occurrence of the
studied processes in the medie of the mudel in the patural media remained of one
order, the time intervals with vhich we had to deal in the model were thousands
of times less than in nature. If, duricg seismic prospecting cbservations, the
accuracy of time readings on seismograms is ordinarily arourd 0.001 second » then,
during modeling, it is necesszary to reduce this figure to about 10-6 gecond. This
circumstance has led to the vecessity of employing technical means which differ
from those taken in "gross” seismology and selsmic prospecting. Tn essence,
only the basic idea of the experimental seismic setup has remained unaffected: A
namely, the source of oscillations (earthquake focus, explosion, vibrator)
causes elastic waves in the medium which are recorded by means of receivers

(seismographs). The selsmograms are the primary results of model, as well as
field, observations, :

Despite the difference in technique, the laboratory selsmograms possess
approximately the same aspect as the tield seismograms of present-day multi-
channel seismic prospecting stations.

To model seismic waves » radlo-engineering devices were employed which
ere gimilar to those used in ultrasonic hydroacoustics or impulse ultra-
acoustic defectoscopy of metal objects.

_In the process of operations, this technique was gradually perfected. The
scheme developed by B. N. Ivakin and V. R. Bugrov, associates of the laboratory,
in 1949-1950 answers the main requiremeats of modeling nd permit one rapidly
to conduct sufficlently accurate observations. By means of this scheme , we
have studied a number of dynamic problems of selsmology and seismic prospecting.
Tn particular, ve have conducted certain investigations on the intensity of
leading waves, whick are uged ig selsmic prospecting according to the method of
refracted waves; we carried out observations on the veristions in form of a
seismogram for increasing depths of earthquake foci, etc. Investigations of this
kind are being continued,

_ The setup developed in the laboratory permits one also to solve the following

C partial problem of great practical significance: to determime the velocities of

T . propagation of elastic waves in sufficiently small blocks of materiaels of the
order of centimeturs in length (particularly in samples of minerals), which possess
an arbitrary shape., The possibility of such measurements is the great advantage
of methods which utilize the impulse regime of oscillations, in comparison with
methods which utilize a static load or stationary oscillations and which require

N ' for the .measurement of velocities in samples that the correct geometrical form 5

‘o be preassigned to these samples. It can be assumed that the indicated arrange-
ment will £ind extensive application both in the various branches of industry
where seismic methods are employed and 8lso in iustitutions of higher learning
which are preparing specialists in geophysical methods of prospectiug.

. The Laboratory for Modelirg of Seismic Phenomena, Geophysics Institute,
Academy of Sciences USSR, is also conducting experiments on the study of the
mechanical processes which can occur in the zomes of earthquake foci. These
works constitute & part of the general program of iunvestigations in the insti-
tute on clerifying the causes for the emergence of earthquakes ard on finding
the methods for forecasting them,
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